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GBBMAN "AT" INB UNITS

SU-MARY

This renort contains infomation on the German AT 1 AT 2
and AT 3 mine firing units. These units are combined acoustic-
subsonic operated devices. AT 1 tnd AT 2 were designed for use
in the LB mine. AT 3 was designed for use in the TlB and TMO -
mines. All three of these units heve been used ooerationally -..,I
during the war.
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GMAN "AT" MINEE UNITS

1. Introduction.

(a) The Geroans had attempted, since 19)41, to produce a mipe
embodying subsonic firing, with only partil success. The result
was the AT group of units, which includes the AT 1, AT 2 and AT 3
units. These units were formerly designated AA. 1$ Ah 2 and AA 3
but AT is a more recent official German designation,. It is repor't-

ed that units of this tyve had been laid since 19)42, but, until
the war in Burone was ov'-r, only small partsof the units had been

(b) AT 2 and AT 3 units have been captured and forwarded to
U. S. Navy Ordnance Investigation Laboratory. None of the obsoldte
&T 1 units have been csatured, Considerable documentary inform-
qtion is being forwarded seoarately; this repnort contains inform-
'ation derived entirely through preliminary screen of documents
and interrogaPtion of German -oriso)nersf of war.

The Ge'rman AT units ar4 subsonic mine firing units for grounid

mins The subsonic firing feature has some vertical directional
characteristics, -but, since the mines in which'it is used are^9
cylindricnl, the Germans assumed th!at any position in, which the

~~2 unit is fitted with a sonic acoustic tiriggering system designed>
to save the anrlifier batteries of the subsonic component. The-4 subsonic component is designed to operate in the range between
20 and 25 c-os, The different units are likely to have slightly
different resonainces, with quite sha~rp resonance peaks, but this
is conaidered a good operational -property by the Germans.
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CONFIDENTIAL

3~The 14-aagetophone.

,ne-o-h.ne (klotz") is the detectingde.eorteu

snc czloneni. of the AT units. This device is sometimes know
. •

"- as a "dop.e'scniger" or "double oscillator" by the Germans, A
sectional dra-,ing of the magnetophone avoears in Fig. 1. The
device is suz.oended from a supporting arm which is threaded into
the minecase tail door on the axis of the mine, This supoorting

arm is fitted °with a guard cylinder to prevent excessive motion

on impnact, The magneto-hone is connected to the supporting, arm
. by a type -f bearing, such that it is free to rotate in a plane

i ernendicular to the axis of the mine, To prevent damage on lay-

ing, the magnetophone is held in a fixed -osition by an arm mount-
ed on the tail door, and the magnetonhone is released by the blow-

ing of a fuse when -the mine becomes armed, it is expected that
the mine will lie horizon+ally or nearly so, and the weight of the
magnetophone will cause it to swing to a hanging position.

4., Mapnetophone Construction. 0

As shown in Fig, 1, the macnetoohone consists of a magnetA ~~and the assembly- for the coii, The magnet is cylindrical,, and ,j .
has two concentric )oles with a small gap between. The magnetic

field in this gap is 9000 gauss, The coil assembly is a group
of zinc fittings bolted onto the gap end of the magnet. Inside -

./the assembly, the coil is mounted on an qlum~inuri block supported .
by two flat bronzesnrilngs, The coil is wound on a cylindrical

_taraeri form azd held to it y shellac. Two springs are used. ,to

assure that motion of the coil between the magnet noles will be

along the axis of the coil, A zinc strengthening strip is bolted ,
* on the bottom, When the magnetophone is held in fixed position

before the release fuse blows, a pin fits through a hole in this
strin to hold the aluminum coil-mounting black against its limit
stop and prevent damag;e due to impact, The system is designed

to hav a resonance of 22 cps. Thie mass of the magnetophonp and
the len,-th of the suspension are the principal factors in deter-

-e mining thi's freauency, 0 .1
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* The AT ' w, +. w, .s the first attemotto .roduce . subsonic
firing devce, In the AT 1, a sirole sonic-acoustic triggering
system ia " cltock which kept the subsonic system armed for
P_ 'neriod y- nbout'2 mimites. It w..s found that this unit was too
eas&. swept Aad was eseciptlly subject to firing due to ex losons,

This may b,- seen in Fig, 4. The diarpm showing the sound level
changes cpused by remote detonations shows that tr--nsmission

through the gro nd reaches the mine a-rox. 2. seconds ( in the
case shown) before traunsmission through the water, it would be
nossible, in the AT 1, for the ground wave to trig,-er the unit
by actuation of the sonic system and thr wp.ter-transmitted wave
to fire the mine, This fault wps elinae', by use of a different

-T trig,,erin., system in AT 2, Therefore all existing AT 1 units,
includin- those in the field, were converted to AT 2 s, the moil-

ifications nec.essary for conversion lying grimrily in the improve-
ments in the acoustic tiigering circuit,

", Acoustic Triggering Circuit;

The modified type of qcoustic triggering circuit as used in
AT 2 and AT 3 appears in their circuit diagrams, Fig, 2 & 3. The '1
normal cantilever-type carbon-button microOhone is used in a trans-
former and rectifier circuit. The outout signal current actuates

relay Ru, Closure of its contact (fu) connects relay RI to. the 7 -
96-volt battery through a 100 KOhm resistor, Wben contact (rl )

closes, it turns on the heat r ootentiel to the three tubes of
.'.-."., the subsonic a~mpliffier. The resi'stor-condenser system in parallel, -i

with RI is designed to hold F1 in the onerated condition for 3-4
seconds if (fu) upens. This is designed to bridge any short inter- 0

- runtiohs in the triggering noise, but, Pt the seine time, shut off
. ag ain if the sound is other than a continuous one. This is an

.nti-sween and anti-exolosion feature, A continuous sound is nw-

essary to keen the suboonic conoonent of the unit alive, and it
will remain alive until the sound st)ps. Detonation nrotection
is also provided by transformer ST and its associnted system, A
detmation will produce a sur,,e in the transformer which will operate

5-
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COINFIDENTIAL

Acoustic Triggering Circuit, (Cont'd).

relay P Closure of contact (n) connects the time-delay system
including relay R, * When R is eneigized, contact (r ) opens,

t. ibreaking the circit from t.ie firing (micro..hone) bad ery to the
detonator1  The time-delay circuit kee-cs R energied for a per-
iod of about 3-4 seconds to allow the surge to ass,

7. AT 2 Amolifier - Subsonic.

The circuit of the AT 2 subsonic amlifier appears in Fig. 2.The amolifier consists of three vacuum-tdbes. All are glass Den- '

todes type RV 2.4 P 700. The magnetophone output is fed-to a

.0. sharnly-tuned transformer circuit This circuit is tuned to 20- .
25 c-ps. The first amolifier tube maybe taoned at three differ-
ent oints to determine the sensitivity of the unit. The output
is condenser-couoled to the second stage. The output of the sec-
ond stage is trnnsformer-cou-oled to the third stage through a
broadly-tuned transformer circuit. When the subsonic amplifier
is switched on, contact (rj) breaks the connection between the •
grid f the third pentode with the ground through the 10 Ohm
resistor, Thus, the grid potential of the third stage peritode
will denend unon the outut of the second stage. The output of
the second stage is rectified and fed to a time-delay oircut
with a to tel delay of amorox. 2 sec, At the end -f this deiay -
the grid of the third stage pentode becomes more positive and

y draws -late and screen grid current through the oneration coil , - -'

3f relay R2, When bontact (r2) closes, the detonator is fired.'

'1 8. AT 3 Amlifier - Subsonic.

The The circuit of the AT 3 subsonic amplifier anoears in Fig, 3.
The aMolifier consists of two vacuum-tubes. Both are metl oen-.
todes type DF 11. The circuit is essentially similar to AT 2,

• "exceot that the substitution of the retpl tubes which have lower
- heater drain currnts, increases the continuous drain life on the

anr.lifier batteries from 50 hours (in AT 2) to 14 days. The AT 3

v v vv vv v v -5 '- .-
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AT 3 Amplifier - Subsonic. (Cont'd).

has no orovision for setting sensitivity similar to that u~ed in
AT 2. As well, that third rtage is omitted, and the output of the
second stage is transformeIr-courled to . full-wave rectifier and
time-delay circuit which operates a relay (R2)4  Closure of cont-

act (r2) puts the 96-volt battery across relay R4 Closure of
r4 fires the minei

jComment"-'"

-Pig. 1 shows a G'rman representation of various phases of
AT mine characteristics. A sketch ond a shematic representation , •
of the magnetophone is shown. TAe relative response of the sonic
micophone --and the subsonic meinetophone is shown in the fiist
chhrt. The second chart shows the subsonic effect at a point due
t) iilosions at distance.

10. "H ell"' .o.elschinger. •

"'hen the AT'units were in original development, prt'of the. .- -

develooment as-' one by the firm Elec'troacoustic, Kiel and -part
'by lr. Ing Rudulf Hell, Berlin6 The lectroacoustic (Elad) devel-

opment was finplly cce.ted, P d i the ty-e described In the r- , . .
ceding baragraohsi Dr. Hell's subsonic detecting device is of
some interest, however. The nagnetoohone used in the AT units Is
the work of Dr Gerloff of SVK, lel, and required a vacuum-tube
amplifier6  Dr. Hell, however, concentrated his eifforts on pro-
ducing a detecting device which would have high enough output to '-

operate relay systems directly, as in the normal sonic acoustic
systems. The exerimental detecter .roduced by Dr, Hell was a
carbon-button device which Dr. Hell claims had a very sharp re-
sonance 4eak af .arox. 20.05 cps. This device, known as the"Hell

Doppel schwinger" , due to unsatisfactory 'resultd wfth an earlier
de cnstrctedas .showin

de ice knows as the "131infac~heschwinger"l, wascosrte ,ha -.. ;f+

in Fig, 5, Fig. 5 is modified slightly for clarity. There are

two weights, each mounted on two suspension leaf springs, one above

-7.1
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"* "Hell" Dopimelschwinj e. (Cont'd).

and onk- below, The umper weight and svring system is adjusted to
be resonant to 2Q,0 cps, The lower weight and spring system is
adjusted to be res.)nanut to 20,1 cos, These two weight systems
have resonance curves ar.proximating those shown in Fig* 6, When
the frequency is lower than the resonant frequency of the weight
system, the weights oscillate together with the mass of the mine-
case to which the detector is fixed. When the frequency is high-
er than the resonant frequency of the weight system, the weights
oscillate anorox. 1800 out of phase with the mine-case, When the
frequency lies between 20 ,0 and 20,1 cns, the two weight systems

LO are 1800 a_"art in phase A carbon-button microohone element is
connected to the two weight systems, and measures the relative
motion between them, Thus, the out-out of the carbon-button
reaches a peak when the frequency lies half-way b~tween the reson-
ant frequencies of the two systems (20;05 c-os). The earlier type
('infacheschwinger") made use of only one resonant weight system
and the other part of the carbon button was connected to a fixed
part of the assembly. In this system the movement of the one
system only is measured and there'is no ohasing effect, The
"Binfacheschwinger" had a high subsonic out-ut but its resnonse

.Z LN, was too broad to be desirqble for use in an AT mine.
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